Long-range electrostatic interactions can influence the folding, stability, and cooperativity of dihydrofolate reductase.
To test the possibility that long-range interactions might influence the folding and stability of dihydrofolate reductase, a series of single and double mutations at positions 28 and 139 were constructed and their urea-induced unfolding reactions studied by absorbance and circular dichroism spectroscopy. The alpha carbons of the two side chains are separated by 15 A in the native conformation. The replacement of Leu 28 by Arg and of Glu 139 by Gln resulted in additive effects on both kinetic and equilibrium properties of the reversible unfolding transition; no evidence for interaction was obtained. In contrast, the Arg 28/Lys 139 double replacement changed the equilibrium folding model from two state to multistate and showed evidence for interaction in one of the two kinetic phases detected in both unfolding and refolding reactions. The results can be explained in terms of a long-range, repulsive electrostatic interaction between the cationic side chains at these two positions.